A controlled human subject study was conducted to analyze the possible breath-sampling differences between the standard automatic technique and three manual techniques. Subjects were dosed with vodka and orange juice and then tested during the descending limb of their BrAC curve. Differences between the automatic and the manual techniques were found to be statistically significant with the three manual techniques underestimating the BrAC. The average maximum difference between the automatic BrAC level, as compared to the lowest manual level in each data set, was 27.9% (median 27.7%) with underestimations from 20.8% to 40.0%. In no instance did any of the manual techniques produce higher BrACs than the automatic technique.
Introduction
The respiratory system allows passive gas exchange between oxygen and carbon dioxide to facilitate breathing. The environmental air entering the alveolar sacs deep within the lungs is in close contact with the pulmonary blood vessels, and the diffusion of volatile gases will result in equilibrium (1, 2) . Substances, both endogenous and exogenous, can also be absorbed or excreted via the lungs based on their volatility and solubility. The excretion of ethyl alcohol, or ethanol, is well-understood and is the subject of many studies. Additionally, the exhalation profile, or expirogram, of ethanol in the human body has been described in several publications (3) (4) (5) .
The exhalation profile generally consists of three phases:
Phase I is airway dead space; Phase II is a transitional phase between dead airspace and alveolar air containing volatile gas; and Phase III is exhalation from the alveoli ( Figure 1 ). Although there has been debate over the amount of dead space volume in Phase I for ethanol (6) , Phase II and Phase III will be the focus herein. An individual will reach Phase III after a certain volume of expired air, over a certain period of time, has been achieved. At a particular ratio, the Phase III breath alcohol concentration (BrAC) will correlate to that individual's blood alcohol concentration (BAC) at the time of the expiration. This phenomenon has been used in the development of noninvasive, forensic breath-testing instrumentation for law enforcement.
To be an accurate representation of end expiratory breath, one of the manufacturer's goals was to capture a person's breath exhalation after reaching Phase III in order to achieve more constant, predominantly alveolar-ethanol concentrations (7) (8) (9) (10) . If sampling occurs during Phase II, a lower concentration of non-equilibrated alveolar air would be measured as compared to that of the air measured in Phase III. This upper-lung air will be farther away from the general circulation and perhaps underestimate the BrAC (as well as true BAC) depending on how extreme this locational difference is.
The Alco-Sensor IV Black Dot Model by Intoximeter (St. Louis, MO) is a handheld, portable breath-testing instrument that is currently used in Los Angeles as a preliminary alcohol screening (PAS) device for measuring breath alcohol (11) . The device features both automatic and manual sampling modes for capturing a breath sample. The automatic function requires a minimum volume of 1.5 L of breath and constant flow of breath before the electrochemical sensor quantifies the amount of alcohol in the expiration. The manual function allows sampling prior to the previously mentioned criteria by pressing the "MANUAL" button on the Alco-Sensor IV, which immediately captures a breath sample (7) .
It is recognized in the field of alcohol testing that a manual sample may be capturing upper-lung air if not enough volume has been expired to reach the deep-lung, or substantially alveolar air (7) . Although in some instances a manual sample may fall within the limits of variation of an automatic sample, there is less certainty that essentially alveolar air has been expelled. Also, it is entirely possible that manual sampling could result in analysis of an individual's normal breathing, or tidal volume, causing lower breath results (12) .
Two reasons why an officer might choose to operate the PAS device in manual mode could be because an individual does not want to, or is too impaired to, provide an automatically triggered sample. These reasons may cause the volume requirement, and potentially what is known as Phase III, to not be met. Rather than not having a breath measurement, an officer will instead rely on the manual feature to capture a sample.
In courtroom testimony, forensic expert witnesses are asked to explain the instrumental mechanics of the manual function as well as potential sampling variations regarding results generated by the manual mode versus the automatic mode. For this reason, a controlled human-subject drinking study was performed in order to evaluate this phenomenon. To the authors' knowledge, no such research has been conducted to examine variations in techniques when using the manual sampling feature of breath sample acquisition.
Experimental Apparatus
The Alco-Sensor IV Black Dot Model manufactured by Intoximeter was used for all of the BrAC. The devices were checked two days prior to the study, and all devices were accurate according to Los Angeles Police Department (LAPD) Scientific Investigation Division (SID) requirement of measuring within ± 0.003 g/210 L of a National Institute of Standards and Technology Ethanol Breath Standard C value of 0.100 ± 2% BrAC (272 ppm) with a Part No. 22-0770-00.
Subjects and Conditions
Ten subjects, 6 females and 4 males, with light to moderate drinking habits volunteered for this study. The study was approved by the LAPD SID, and all participants provided signed informed consent. Their ages ranged from 24 to 41 years, and their weight varied from 53 to 112 kg. The participants were instructed to have a light lunch at least 3 h before the study began and were not provided food until after they were in a post-absorptive state. The alcohol doses were calculated on the basis of the individual subjects' age, gender, height, and weight. The range of desired peak BrAC was between 0.06 and 0.09 g/210 L based on subject's preference.
After an automatic breath test by the AlcoSensor IV yielded 0.00, each subject consumed his/her first drink at a constant rate in 10 min. The drink consisted of vodka (40% alcohol/vol) diluted with orange juice at a ratio of 2:3 with a total drink volume calculated as per the appropriate dose for that subject. Once the drink was finished, a 5-min respite was allotted prior to breath-testing in order to reduce the possibility of detecting "mouth alcohol." Two automatic results were then taken to monitor the subject's BrAC rise. The results were checked to be within 0.02 g/210 L of each other. Two more drinks were given in this manner for approximately 45 min of total drinking time. The subjects were then monitored by the automatic sampling function until they achieved their plateau or elimination phase.
Manual mode testing series
Once fully absorbed, the subjects were instructed to begin the manual testing protocol administered by a moderator. They were told to provide all breath samples in a normal manner when instructed. The series of breath samples were taken approximately every 30 min to 1 h on average as the individuals were eliminating alcohol, and each subject was tested 3-5 times during their post-absorptive phase. Each manual testing series consisted of five breath tests: two automatic samples, one manual sample when the moderator saw the "plus" symbol appear on the screen of the AlcoSensor IV, one manual sample when the moderator felt air exit the vent of the AlcoSensor IV, and one timed manual sample at 1.5 s. The automatic samples were taken first and last to correct for any elimination during the testing series. The use of the "plus" symbol and vent air are two subjective clues to indicate a breath sample is circulating through the device. Because some of the sampling techniques might change depending on the administrator of the test, only one person was used to collect all of the data. This helped to ensure that monitoring variation did not alter the data.
Results and Discussion
To supplement the information gained by manual mode experiments, an informal survey was conducted to evaluate the use of the manual function. Driving Under the Influence (DUI) enforcement officers from the LAPD provided information regarding their experiences with manual sampling of the PAS device. Of the 35 officers surveyed, 11% never used manual sampling, 49% rarely used manual sampling, 11% used manual sampling about once per month, and 29% used manual sampling about once per week. One officer was unaware of the manual sampling feature. Among the main reasons officers reported using the manual function were the subject refusing to blow as instructed, the subject was too drunk to blow long enough, and the subject was "playing games." The officers determined when to take the manual sample by general estimation (e.g., within several seconds, when the plus sign appeared on the display, and as soon as the subject started blowing). It is clear from the survey that there is no established protocol for the usage of the manual function because the device is only intended to be used as a presumptive screening test by the LAPD (11) .
One goal of this study was to provide real-life examples of how officers utilize the testing device. The categories described in the testing series will be referred to as 'See +' for observing the plus symbol on the display (indicating the minimum flow requirement of 0.2 L/s has been achieved), 'Feel air' for the vented air coming out the device, '1.5 Seconds' for a timed sample, and 'Auto 1'/'Auto 2' for each automatically generated sample. The approximate time for the subjects to achieve an automatic sample was determined to be anywhere from 5 to 7 s. Therefore, during this period of time, an individual generated at least enough breath to meet the 1.5 L of breath volume requirement for the instrument. For this reason, the time-based manual samples were approximated at 1.5 s. In theory, this could be before a substantially alveolar sample could be generated. The goal was to capture a breath in the supposed period of time before the volume requirement was met, thus potentially mimicking the underestimation of true alveolar BrAC. In total, the 10 subjects produced 38 sets of 5 breath tests. The subjects were monitored periodically as they were in the elimination phase. The highest breath reading in all 38 data sets was always the automatic sample (the average of the two tests). The lowest reading was either 'Feel air' or 'See +' for all of the tests. The maximum percent differences between the highest and lowest BrAC level in each of the 38 data sets were calculated. Of the 38, the largest and smallest percent differences, along with the mean variation, standard deviation, and median variation, are shown in Table I . Compared to the automatic technique, the lowest manual technique in each data set underestimated BrAC by an average of 27.9% (median 27.7%) with underestimations from 20.8% to 40.0% (Table I) .
The minimum, maximum, mean, and standard deviation for the five tests are shown in Table II . The results of the first and second automatic tests (Auto 1 and Auto 2) were averaged and compared to the results from the '1.5 Seconds', 'Feel air', and 'See +' tests, respectively. Note that the first automatic test was always the first administered and that the second automatic test was always the last administered. The average of the two tests (now referred to as Auto), therefore, is the best estimate of the "true" BrAC at which subjects were tested. Table  III reports the paired samples t-tests between Auto and the three manual tests.
As can be seen in Table III , all three of the paired differences were statistically significant. The differences between 'Auto' and '1.5 Seconds' ranged from 0.000 to 0.016; the differences between 'Auto' and 'Feel air' ranged from 0.003 to 0.025; and the differences between 'Auto' and 'See +' ranged from 0.003 to 0.030. Only in one instance was there a difference of zero between 'Auto' and one of the manual tests (Table IV) .
Thus, the '1.5 Seconds' test underestimated the BrAC 97.4% of the time, and both the 'Feel air' and 'See +' underestimated the BrAC 100% of the time. These statistics, however, should be interpreted with caution because 1. averaging the automatic tests may have made the comparison more or less conservative depending on the order of the manual tests, 2. the small sample size may not be generalized to the population of all test takers, 3. some of the magnitude of the differences are within the range of variance of results that are associated with breath test technology, and 4. the typical DUI driver has a BrAC higher than those used in this study. 
Conclusions
Data collected during this study supports manufacturer claims that manual sampling can potentially lead to an underestimation of BrAC. At no instance did the manually sampled breath result produce a higher BrAC reading than the automatic breath result in any of the data sets for all 10 subjects. According to the manufacturer, because of this potential for sample variability, many agencies have chosen to disable the manual sampling function. Future work involving the manual sample function would be to focus on breathing pattern prior to exhalation and methods used to potentially "trick" the PAS device's sampling design. Hyper-and hypoventilation have been reported in several studies to alter the results of an automatic PAS device sample (13, 14) . Along with the informal survey, this drinking study intends to inform individuals in the forensic alcohol field on our findings regarding the manual sampling function of the Alcosensor IV.
